Background--We evaluated depression and social isolation assessed at time of waitlisting as predictors of survival in heart transplant (HTx) recipients.
S
urvival after adult heart transplantation (HTx) has increased during the past decades. 1 According to the registry of the International Society for Heart and Lung Transplantation (ISHLT), 1-year survival amounted to 84.5%, and 5-year survival to 72.5% in 2014, 2 with about 10% lower survival rates reported in Europe. 3 Several models have been developed to predict survival after HTx based on pretransplant assessments, taking into account up to 43 demographic and medical recipient and donor variables, 4 -6 yet excluding psychosocial patient characteristics. The importance of the latter variables has been acknowledged by the ISHLT listing criteria for HTx, which focus primarily on screening for lack of social support in an effort to reduce the risk of adverse outcomes (Class I recommendation, Level of Evidence C). 7 There is some empirical evidence that depression and social isolation (ie, limited number of social contacts, being unmarried and/or living alone) are indeed linked to reduced survival in studies of patients with heart failure. 8, 9 Studies in the field of HTx also suggest that psychosocial attributes contribute to both pre-and posttransplant outcomes. In the multisite prospective Waiting for a New Heart Study that enrolled 318 patients newly registered for HTx, we have shown that depressive symptoms and social isolation were not only prevalent among HTx candidates at time of waitlisting, 10, 11 but also contributed to pre-transplant outcomes such as reduced chances for delisting because of clinical improvement, reduced event-free survival, higher probabilities of mechanical circulatory support device implantation, and HTx in high-urgency status. [11] [12] [13] [14] Most importantly, of several psychosocial variables that were evaluated including anxiety, only depression and social isolation were consistently associated with the abovementioned waiting list outcomes at follow-ups of varying length. Depression and social factors also appear to play a role in post-HTx mortality. [15] [16] [17] However, in these studies of transplant recipients [15] [16] [17] it is unclear whether these characteristics were already present before surgery, as their assessment took place post-HTx. Therefore, these studies cannot provide any evidence whether depression and social factors present at time of waitlisting impact transplant outcomes and whether systematic assessment of these patient characteristics should already be part of the pretransplant evaluation. A recent meta-analysis of heart, liver, kidney, lung, and other solid organ transplant patients found depression in general to be related to adverse posttransplant outcomes. 18 However, this meta-analysis included only 4 (smaller single-center) studies of HTx patients with a pretransplant assessment of depression, which have reported conflicting findings.
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Social isolation was not evaluated in these studies. Thus, the prospective role of depressive symptoms and social isolation assessed at time of waitlisting for long-term survival of HTx recipients remains elusive. Using data from the extended follow-up of patients in the Waiting for a New Heart Study covering the post-HTx period until February 2013 (an observation period of almost 8 years) allows for a test of the hypothesis that higher scores of depressive symptoms and social isolation at time of waitlisting contribute to reduced survival rates after HTx regardless of diagnosis. The large number of HTx recipients also allows for statistical control of other factors known to influence post-HTx survival.
Methods

Procedure and Participants
The Waiting for a New Heart Study is a multisite prospective cohort study of patients newly listed for HTx in 17 hospitals (16 in Germany, 1 in Austria) between April 2005 and December 2006, carried out in collaboration with Eurotransplant International Foundation. It aims at identifying psychosocial and behavioral predictors (assessed at time of waitlisting) of pre-and posttransplant outcomes.
Analyses at varying follow-ups during the waiting period found that depression and social isolation played a consistent role for reduced chances of delisting because of clinical improvement, and for increased risks for implantation of a mechanical assist device, transplantation in high-urgency status, and for event-free survival during waiting time. [11] [12] [13] [14] 23 The present report is the first to examine these 2 patient characteristics (depression and social isolation) as predictors of post-HTx survival in participants who received a transplant between study start and February 2013. Study procedures have been described previously. 10, 11 Exclusion criteria were aged <18 years, being listed for combined heart-lung transplantation, retransplantation, not being fluent in German, and too severely ill to participate. Of 318 participants, 10 164
patients had received a transplant by the end of follow-up. Sixteen patients were lost to follow-up because of discontinuation of participation by 1 hospital. Data from 148 recipients were analyzed ( Figure 1 ). All participants gave written informed consent. The study was approved by the ethics committee of the Landes€ arztekammer Rheinland-Pfalz and by local ethics committees, and carried out in accordance with the Declaration of Helsinki.
Measures
Outcome was time until death after HTx in months since transplantation with date of the event provided by hospitals.
Clinical Perspective
What Is New?
• Depression and social isolation assessed at time of waitlisting were associated with reduced survival over 8 years after heart transplantation.
• Patients without depressive symptoms who were not socially isolated at time of listing had the best survival rates after transplantation compared with groups with either 1 of these 2 factors or both.
• The association of depression and social isolation with survival was independent of known demographic and medical covariates.
What Are the Clinical Implications?
• Evaluation of patients for heart transplantation may benefit from including systematic assessments of depression and social contacts.
• Psychosocial interventions to accompany medical efforts to stabilize patients at risk for health decline may be warranted early in the course of transplantation.
Transplantation status (high-urgency versus elective) was documented, as was waiting time in days, rescaled that a 1-unit increase refers to 100 days.
Nonmedical patient characteristics were self-reported at time of listing. Depression was measured via the Hospital Anxiety and Depression Scale, 24 range 0-21) indicating more depressive symptoms. Because Hospital Anxiety and Depression Scale anxiety correlated significantly with depression (r[148]=0.58) and was unrelated to waiting-list outcomes 23 , it is not evaluated here. The number of social contacts was assessed asking for "the number of relatives and close friends you have contact with during 1 month." 25 For survival analyses, this score was reversed by multiplication with À1, so that a higher score reflected more social isolation. In order to increase statistical power in this reduced sample of patients who actually received a transplant, depression and social isolation were used as continuous scores. Other self-reported items reflective of social isolation were marital status and whether patients lived alone (yes/no). The full psychosocial assessment at time of listing is described elsewhere.
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Medical parameters at time of listing were provided by Eurotransplant (for details see Table 1 ). These included parameters to compute the Heart Failure Survival Score, 26 cardiac index, creatinine, dates of HTx, and donor characteristics (age, sex, weight, and height). Hospitals provided recipient data at time of transplantation, including weight, height, diabetes mellitus, creatinine, pulmonary vascular resistance, panel reactive antibody level, devices before HTx, intensive care unit (yes/no), cold ischemic time, and immunosuppressive medication. Body mass index (BMI) was calculated (kg/m 2 ).
Demographic variables including age, sex, currently working (yes/no), and education (>9 years of education [yes/no]), together with smoking status (for details see [27] ) and receiving any psychological counseling (yes/no) were assessed at time of listing. Age at HTx was computed for survival analyses.
Data Analyses
Analyses were conducted using SPSS 22.0 (SPSS Inc, Chicago, IL). For continuous medical variables with <30% missing, sample medians were used, according to Eurotransplant procedures. 11 Otherwise, observations were considered missing ( Table 1) . Descriptive statistics are presented in absolute numbers and percentages for categorical variables, means, and SD for normally distributed continuous variables, and medians and interquartile ranges for not normally distributed variables, respectively. Pearson correlations of depression scores and number of social contacts (reverse scored) with indicators of disease severity at time of listing were computed.
To identify relevant demographic and medical predictors for post-HTx mortality (time until death in months), univariate Cox proportional hazards analyses were conducted. P values derived from reductions in the À2 Log Likelihood expressed as change of v 2 are reported. 28 Associations of these variables with the exposure variables "depression" and "social isolation" were examined. In addition, relationships among variables associated with time until death were examined to identify redundant predictors. Interrelationships among number of social contacts, marital status, and living alone were also inspected. To evaluate depressive symptoms and social isolation as predictors for post-HTx survival, Cox proportional hazards regression was applied to test univariate and multivariate associations with time until death. Continuous scores were used to avoid loss of power associated with dichotomization. Four multivariate models were built. First, centered depression and social isolation scores were entered, followed by their interaction term. This procedure was repeated, controlling for age and sex of recipient and donor. Additional medical covariates significantly associated with death in univariate analyses were also entered. Finally, to ensure that the results were not affected by overfitting, a model including only statistically significant predictors was run.
To further explore a significant interaction term of depression and social isolation scores, the associations of depression scores with time until death in patients at the lower and at the upper 10th percentile of social isolation were examined. To do this, social isolation was first rescaled such that the value 0 represented very low social isolation (ie, 20 social contacts per month), and secondly, that the value 0 represented high social isolation (ie, 3 social contacts per month). In addition, findings were illustrated by using dichotomous variables (Hospital Anxiety and Depression Scale-D ≥9 and median split of social isolation) to plot Kaplan-Meier survival curves for patients not depressed/not socially isolated, not depressed/isolated, depressed/not isolated, and depressed/isolated. All statistical tests were 2-tailed with the significance level at P<0.05.
Results
Baseline Findings
Characteristics of study participants are shown in Table 1 . The 16 patients lost to follow-up did not differ from the 148 recipients included in the analyses in terms of demographic and psychosocial characteristics, BMI, or medical parameters assessed at time of listing, except for being more likely to be outpatients (87.5% versus 56.1%, P=0.016). Fifteen patients (10.1%) out of 129 patients, for whom these data had been documented, had received antidepressants at baseline. Depressive symptoms and social isolation scores were not significantly correlated with indicators of disease severity at time of listing ( During a median follow-up of 70 months after HTx (range <1-93 months), 56 (38%) recipients died. One-year actuarial survival for this sample was 75% and 5-year survival was 66%. In univariate analyses, a higher recipient BMI at time of listing, former or current smoking, ischemic diagnosis, longer waiting time, higher donor age, higher pulmonary vascular resistance, and stay in intensive care unit at time of transplant were each Neither being unmarried nor living alone was associated with death (both P values >0.71). None of the above-identified univariate predictors was significantly associated with the exposure variables depression and social isolation. However, to evaluate whether depression and social isolation and their interaction term were associated with time until death over and above known predictors of posttransplant mortality such as donor age, ischemic diagnosis, and BMI, [29] [30] [31] recipient and donor age and sex, BMI at HTx, diagnosis, and waiting time were retained as covariates. Stay in intensive care unit, pulmonary vascular resistance, and smoking history were not retained in the multivariate models, as they were significantly correlated with the other major covariates in the model. The first model tested the interaction of depressive symptoms and social isolation, controlling for their main effects (Table 4 ). In the second and third multivariate models controlling for demographic characteristics (model 2), and also BMI at HTx, ischemic diagnosis and waiting time (model 3), the interaction term remained significantly associated with time until death (Table 4 ). This association proved robust both in a model that also adjusted for transplantation status (P=0.027; data not shown) and in a model restricted to significant predictors only (df=5; Table 4 ). In all of these models, depression (centered at the mean) was significantly associated with time until death, with social isolation (also Thus, higher depression scores were associated with an increased risk of death when social isolation scores were low to average, but the combination of both factors did not augment the risk further. To further illustrate this interaction, dichotomized variables of depression (Hospital Anxiety and Depression Scale-D cutoff) and social isolation (median split, median=À6.5) were used in a Kaplan-Meier analysis and survival curves were plotted and compared via the log rank test (Figure 2 ). The relative absence of both depression and social isolation provided the best survival chances, with 1-year actuarial survival (5-year survival) of 86% (79%), compared with only 65% (60%) in patients who were not depressed, but socially isolated, 68% (56%) in patients who were depressed and not socially isolated, and 77% (62%) in patients who were both depressed and socially isolated. Each of the latter 3 survival curves differed significantly from the curve depicting survival in patients who were not depressed and not socially isolated at time of listing (all P values <0.05).
Discussion
Our analyses of survival post-HTx extended our findings observed for the pre-HTx phase: depressive symptoms and social isolation present at time of waitlisting impacted not only the prognosis of patients on the HTx waiting list, but were also important for post-HTx survival. Patients without depressive symptoms who were also not socially isolated at time of listing had the best survival rates up to 8 years after transplantation compared with groups with either 1 of these 2 factors or both. This was significant, even after adjusting for donor and recipient age and sex, and patient primary diagnosis. One-year survival in our entire sample was 75%, which is comparable to 76% reported for Germany previously. 32 Thus, a 1-year survival of 86% in patients without depressive symptoms who were well socially integrated is considerably higher than the average 1-year survival in Germany. Importantly, there was no indication that patients with increased psychosocial risk had already been sicker than patients without these risk factors at time of listing. Moreover, both depressive symptoms and social isolation were unrelated to factors assessed at time of HTx that predicted posttransplant survival in this sample. This finding suggests that survival of HTx recipients may not only be affected when depression and social isolation occur after HTx, [15] [16] [17] but also when they are already present at time of waitlisting, indicating the opportunity for addressing these factors early in the course of transplantation.
As we have already shown, patients who reported depressive symptoms (in the clinically relevant range) and few social contacts at time of listing also reported more emotional stressors and stressors related to the domain of family and social contacts than patients without these psychosocial risk factors. 13 These patients also had diminished chances to get delisted because of clinical improvement. 11, 13 Moreover, high psychosocial risk reduced event-free survival in the pre-HTx phase 14 and contributed independently to a declining health status, indicated by an increased probability of receiving a mechanical assist device, or to receive HTx in high-urgency status. 13 Thus, taken together, our findings from the Waiting for a New Heart Study strongly suggest that psychosocial problems present at waitlisting affect the entire course of transplantation.
While depression and social isolation are clearly related to poor prognosis in this patient population, the mechanisms linking these characteristics to poor outcomes are unclear. It has been suggested that biological and behavioral pathways appear to be involved in this relationship. For example, depression and heart failure share the dysregulation of the hypothalamus-pituitary-adrenal axis, inflammation, and oxidative stress. 33 Similar mechanisms have been described for social isolation. 34 Although sympathetic and parasympathetic innervation of the heart is no longer possible after transplantation, cardiac function can still be influenced by circulating catecholamine levels via activation/suppression of adrenergic receptors. 35 Moreover, there is evidence for sympathetic reinnervation of the heart, at least in the long run. 35, 36 From a behavioral perspective, depression and lacking social contacts have been linked to impaired selfcare and adherence to the complex regimen associated with advanced heart failure and transplantation, such as medication taking, adequate diet, physical activity, and symptom monitoring. 37, 38 Future studies need to assess additional variables (eg, medication adherence and behavioral and psychological distress markers) in order to explore the mechanisms underlying the observed association of depression and social isolation with poorer outcomes.
Our findings that depressive symptoms and social isolation impair the prognosis of patients with advanced heart failure pre and post HTx underscore the need for routine screening of psychosocial problems even as early as at evaluation for waitlisting. 38 Screenings should include reliable and wellestablished instruments 39 and, in the case of social isolation, not only rely on assessing marital status or living situation. Neither marital status nor living alone were related to survival in the present study. Because depression and lacking social integration are modifiable behavioral risk factors, psychosocial interventions to accompany medical efforts to stabilize patients at risk for health decline are warranted early in the course of the disease and during the entire clinical course of transplantation. Treatment options such as cognitive behavior therapy have shown promise for patients with heart failure, 40 but more studies are needed in this population with more advanced disease, particularly regarding means to promote social integration. Our study has several limitations. First, it relied on selfreports of depressive symptoms instead of a clinical diagnosis, and depressive symptoms and social contacts were assessed only at time of waitlisting. Thus, we cannot know in how many patients depression and social isolation remained stable until time of transplant. It is conceivable that depression and social isolation are particularly detrimental when present until time of transplant, as has been shown for depressive symptoms in lung transplantation. 41 However, because depression tends to increase during the waiting period 42 and has been shown to remain stable when present after HTx, 43 the associations observed in the present study may actually be underestimated. Second, we had to exclude patients who were considered too ill to participate at waitlisting. Thus, depression of the entire population might have been even higher and might have had an even greater impact if critically ill patients had been permitted to participate. Third, social isolation was only based on self-reports on the number of contacts with close friends/relatives during 1 month. In spite of this, this measure proved to be more important for survival than the assessment of marital status and/or living alone. Being unmarried has also been criticized as a measure of social isolation by others, 44 which is supported by the fact that in our sample married and unmarried patients reported comparable numbers of social contacts. The same was true for patients living alone and those living with others. Future studies might use a more comprehensive assessment of social isolation. Fourth, our focus on depression should not preclude the role of other negative emotions (eg, anxiety) that have been shown to correlate significantly with depression. 45 Also, future studies might assess additional variables, (eg, medication adherence), in order to explore the mechanisms for the observed association of depression and social isolation with poorer outcomes. Finally, to more fully understand the relevance of depression and social relationships for pre-and post-HTx survival, larger data sets, allowing for a more comprehensive evaluation of recipient and donor characteristics as well as potential mechanisms, are needed. These could also allow for investigating 3 additional issues: first, whether socioeconomic deprivation is related to these associations; 46 second, whether these findings generalize to non-European heart transplant populations; and third, whether ethnicity and sex play a role in these associations. This was not feasible in our European sample that included only 27 transplanted women. Yet, sex-specific associations of depression, social support, and social network characteristics with outcomes have been reported previously. 47, 48 Therefore, we strongly recommend adding standardized measures of psychosocial patient characteristics to the evaluation of HTx candidates and relevant databases, in order to provide sufficient data to address these questions in the future. To conclude, this first report of the Waiting for a New Heart Study to evaluate associations between pretransplant psychosocial risk factors and post-transplant survival corroborates the clinical relevance of depression and social contacts for clinical outcomes in heart transplant patients. The relative absence of depression in combination with social integration in patients newly listed for HTx benefits survival after transplantation, and both factors impact the entire clinical course of transplantation. Therefore, screening and early intervention for patients at risk is warranted.
